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INTRODUCTION
Metallic contamination is one of the most important drivers of
global change in ecosystems worldwide. Especially since the
industrial revolution, heavy metals and metalloids have been
intensively discharged to the marine environment by human
activities without adequate environmental control. Macroalgae
are primary producers of great relevance for ecosystem
structure and functioning in these environments, and play a
key role in the trophic transfer of these contaminants across
the food web. Brown macroalgae (Class Phaeophyceae) have
been extensively used in multitude of research studies
monitoring heavy metals worldwide because their ability to
integrate high levels of contaminants from the environment.
Only few literature sources have reported temporal trends in
metal concentrations in brown macroalgae. Although
restricted to short-term regionally circumscribed series, some
of these studies (i.e. Viana et al., 2010; García-Seoane et al.,
2021) have observed a decreasing in metal concentrations in
macroalgae since the beginning of the XXI century in a small
region of the North Atlantic Ocean coast.
OBJECTIVE
To determine whether these trends in the decrease of heavy
metals in brown macroalgae are restricted to that small region
during the past two decades or spread to other areas of the
planet and previous times, while assessing the effectiveness
of environmental policies implemented over time.
METHODOLOGY
The study compiles information (>3500 records, from 420
peer reviewed articles) of heavy metal concentrations in
brown macroalgae sampled between 1933 and 2020
worldwide. Detailed multi-decadal time series of Cd, Co, Cr,
Cu, Fe, Hg, Mn, Pb and Zn in different brown algae families
are reported using generalized additive models (GAMs)
runned in R statistical software.
PRELIMINARY RESULTS
CONCLUSIONS
Table 1. Variation in metal concentrations predicted by GAMs models.
Significant decreases are shown in bold type.
Fig. 1. Long-term temporal changes in Pb concentrations (log, µg g-1) in different brown
macroalgae families. Black solid line: GAM adjust. Grey area: 95% confidence interval in the
GAM adjust. Dots: areas with (purple) and without (green) anthropogenic pressure. Maps
correspond to the main area of distribution for each family in the compiled dataset.
These results confirm a widespread change in the levels of metals
affecting a substantial part of the coastal environments in the globe. It
seems that some ecosystems are responding positively to the
environmental policies implemented in recent decades against marine
contamination. Important environmental consequences for the whole
aquatic ecosystem, even for human health, may be expected from
these changes.
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We observe a significant decrease in metal contamination in the world’s
coastal environments in the range of -44.9 to -95.9%, starting in the late
1960s and early 1970s for Cd, Cu, Pb and Zn, and late 1980s and early
1990s for Co, Cr, Fe, Hg and Mn, and continuing over the last 50 years.
See Pb in Fig. 1 as an example. Annual rates of decrease (ca. -2%),
were fairly consistent across elements and families, although
Dyctiotaceae reached the highest rates (from over -3 to -6%). See
Table 1 for more details.
